The study's objective was to examine the health status, physical activity behaviors, and performance-based functional abilities of individuals classified as being at high or low risk for frailty and to determine which of these characteristics discriminates between the 2 groups. Participants were 78 community-dwelling individuals with an average age of 74 years; 37 were categorized as being at high risk and 42 at low risk for frailty. Logisticregression analysis indicated that individuals classified as being at high risk for frailty were more likely to have visited the doctor more than 3 times in the past year, experienced a cardiac event, taken more than 4 medications a day, and participated in little or no physical activity. High-risk individuals were more likely to have poor balance, difficulty with mobility, decreased range of motion, poor unimanual dexterity, and difficulty performing activities of daily living than were those classified as being at low risk for frailty.
target the key behaviors that can lead to decline and put individuals at increased risk of frailty (Rikli & Jones, 1997) .
To achieve this end, the term frailty must first be appropriately defined. Strawbridge et al. (1998) have indicated that past definitions of frailty have been either too broad, resulting in most older adults being considered frail, or too narrow, resulting in the exclusion of all those who are not disabled. These authors developed a measure of frailty that was designed to bridge the gap between these two extreme definitions. Strawbridge et al. (1998) provided evidence that individuals who were experiencing declines in two or more areas of function (out of five) could be classified as frail. These areas of functioning included physical, nutritive, cognitive, vision, and hearing functions. By using this measure with community-dwelling elderly adults, it is possible to identify individuals at high risk of frailty before loss of independence occurs.
To target individuals at high risk of frailty and then prevent further functional decline, differences between those who might be at high risk and those who are not need to be determined. There is abundant evidence to indicate that physical activity habits, health status, and physical functional abilities are all important components in maintaining independence (Branch, 1985; Carter, Williams, & Macera, 1993; Kaplan, Strawbridge, Camacho, & Cohen, 1993; Lacroix, Guralnik, Berkman, Wallace, & Satterfield, 1993; Rikli & Jones, 1997; Williams, 1987) . What is lacking, however, is information on the nature of functional abilities in independent, community-dwelling elderly individuals (Rikli & Jones, 1997) . Because early detection can help prevent 50% of the age-related declines leading to frailty (Jackson et al., 1995) , it is important to acquire more knowledge about characteristics of elderly community-dwelling individuals. By studying elderly adults who are still living independently but who are at risk of becoming frail, it might be possible to develop interventions to reduce further loss of function and thus help maintain the independence of potentially high-risk individuals.
The purpose of this study was threefold: (a) to classify community-dwelling elderly individuals as being at high or low risk for frailty using Strawbridge et al.'s (1998) measure of frailty; (b) to examine the physical activity behaviors, health status, and performance-based functional abilities of these two groups; and (c) to determine which of these characteristics, if any, discriminate between communitydwelling older adults classified as being at high and low risk for frailty.
Methods

PARTICIPANTS
This study was approved by the Internal Review Board of the University of South Carolina. Participants were 78 community-dwelling older adults (53 women, 24 men) classified as being at high risk for frailty (n = 37; 22 women, 14 men) or at low risk for frailty (n = 42; 32 women, 10 men). The sample included individuals who responded to newspaper articles directed at older adults who were either interested in improving their functional abilities or concerned about declines they were experiencing in current functional abilities. All participants read and signed an informed consent that explained the nature of the tasks and all risks or benefits associated with participation in the study. Classification of high-and low-risk groups was based on the definition of frailty reported by Strawbridge et al. (1998) : "a syndrome involving deficiencies in two or more domains involving physical, nutritive, cognitive, and sensory capabilities" (p. S9).
Inclusion/Exclusion Criteria. The inclusion of participants in the high-risk group was based on a modified version of the Strawbridge et al. (1998) 1994 frail measure. This measure has been found to be consistent with physician classification of frailty (Hirth et al., 2000) . The following 16 questions (Strawbridge et al., 1998) were asked of each participant, before their enrollment in the study, by trained testers who read the questions to each participant and recorded responses: Questions 1-4 assessed physical functioning, 5-6 nutritive functioning, 7-10 cognitive functioning, 11-13 vision problems, and 14-16 hearing problems. Participants who answered "yes" to more than half of the questions asked for each function were considered to have "difficulty" with that function. Participants who reported problems with more than one function were classified as being at high risk for frailty.
Descriptive Characteristics. All descriptive characteristics are reported in Table 1 . Average age of the individuals in the high-risk group was 74.1 (± 6.1) years; that of individuals in the low-risk group was 69.8 (± 7.8) years. Of the individuals classified as being at high risk, 69.4% were currently married, 2.8% had never been married, 11.1% were either separated or divorced, and 16.7% were widowed. Sixtyone percent of the high-risk individuals had the equivalent of a high school education or less, and 39% were college graduates. Of those classified as being at high risk, 13.9% were currently working (full or part time), and 77.7% were retired. Sixty percent of individuals classified as being at low risk were married, 12.5% had never been married, 7.5% were either separated or divorced, and 20% were widowed. Forty-five percent of the low-risk group had the equivalent of a high school education or less, and 55% were college graduates. Of those classified as being at low risk, 7.7% were currently working and 82.1% were retired.
TESTING PROCEDURES
Participants were asked to complete two questionnaires and 17 functional-ability assessments. Both questionnaires were administered by trained testers who read the questions to each participant and recorded responses. A trained tester and assistant administered the functional assessments. Each task was explained and demonstrated, and all questions were answered before the administration of the task.
Health-Status Questionnaire. Participants responded to a series of questions about their health and medical status (reliability or validity reported in Pacala, Boult, & Boult, 1995) . Participants were asked to rate their current health status as poor, fair, good, very good, or excellent and to indicate whether their health had gotten better, worse, or stayed the same during the past year. Participants were also asked to indicate the number of falls they had experienced and the number of hospital stays and doctor visits during the last 12 months and any current or past cardiovascular, pulmonary, orthopedic, or neuromuscular problems. The number of surgeries they had had during the past 5 years and all current medications were also recorded.
Physical-Activity-Behaviors Assessment. Participants reported their perceived level of physical activity as compared with others the same age and sex, the types of physical activity they had participated in within the past 7 days, and their levels of physical activity during the past year and throughout life (childhood to the present; reliability or validity reported in Blair et al., 1985) . The 7-day recall required that a participant indicate whether the physical activity was vigorous, Participants completed 17 functional-ability tasks. These included balance, mobility, range of motion, upper extremity control, activities of daily living, and muscle strength and endurance. A full description of tasks and validity and reliability of each are given in Table 2 . Static and dynamic balance were assessed using a tandem stand and a tandem line walk, respectively. Mobility was examined using the timed up-and-go task and two modifications of it. One modification involved an angular path that required participants to change directions multiple times; the second required them to move around three obstacles placed in the original path. Range of motion was assessed in four ways: the sit-andreach, hip-flexibility, shoulder-flexibility, and scratch tests. Bimanual and unimanual dexterity tasks were used to evaluate upper extremity control. Seven tasks were included in the assessment of activities of daily living. Finally, grip strength, pinch strength, and a repetitive sit-to-stand task were used to assess muscle strength and endurance. In tasks in which time was important, participants were encouraged to move as quickly as possible but to remain in control.
STATISTICAL ANALYSIS
All statistical analyses were performed using SAS software (Stokes, Davis, & Koch, 1995) . Descriptive statistics (M, SD) were calculated for all questionnaire data and functional tasks. Individual performance scores were categorized as above or below the group mean (dichotomous data). A series of logistic-regression analyses was then performed on the questionnaire and performance data. Independent variables for the logistic regression were classification of high or low risk for frailty. Dependent variables were responses to the questionnaires and performance on the 17 functional-ability assessments. Odds ratios were calculated and used to describe differences between individuals classified as being at high or low risk for frailty. The odds ratio is a comparison of the presence of a risk factor for a disease or condition in a sample of individuals with that disease or condition contrasted with nondiseased control individuals. In this case, the odds ratio describes the likelihood of individuals categorized as being at high risk for frailty scoring above or below the mean on all questionnaire and functional-performance measures.
Results
HEALTH STATUS
With regard to health status, more individuals classified as being at high risk for frailty (30.3%) reported being in poor health than did individuals classified as being at low risk (12.5%). Equally important, more individuals at low risk reported being in very good or excellent health (47.5%) than did individuals at high risk (24.2%). (Shephard et al., 1995) against the back of a standard sit-and-reach box, and to the nearest in. trials. et al., 1990) hands placed together and leaned as far forward as possible.
Hip flexibility (Greene Participants lay in a supine position on a table. They pulled Hip angle to the Average of 2 .99 (Brosseau & Heckman, 1994 ) the knee of 1 leg gently to their chest. The angle at the hip nearest degree. The trials for each et al., 2001) was measured using a goniometer. goniometer axis was hip.
placed on the greater trochanter; the distal arm pointed to the lateral condyle of the femur; the proximal arm was parallel to the table.
Shoulder flexibility Participants raised both arms directly overhead and Performance was Average of 3 .88 (Rothstein (Mullins et al., 1987) held the position for 3 s. rated as full = 5, trials. et al., 1998)
Scratch test Participants reached over 1 shoulder with the hand on Distance between Average of 2 .96 (Rikli & (Rikli & Jones, 1999 ) the same side and reached as far down the back as the middle fingers trials. Jones, 1999) possible, then placed the other hand behind the back and of the 2 hands to attempted to bring the fingers of the 2 hands together. the nearest in.
Bimanual dexterity Participants picked up a disk with 1 hand, turned it over, Time to the nearest Average of 2 .60 (Frey, (Williams et al., 1995) "gave" it to the other hand, and then placed the disk back 0.1 s. trials. 1990) in a pegboard with that hand.
(continued) a Face validity is assumed for all tasks.
Unimanual dexterity Participants used the preferred hand to pick up and insert Time to the nearest Average of 2 .77 (Frey, (Williams et al., 1995) Pinch strength Participants held a Jamar pinch dynamometer between the No. of lb of force Average of 3 .75 (Kellor et al., 1971 ; pads of the thumb, index, and middle fingers of the pre-produced. trials for each (Mathiowetz Mathiowetz et al., 1985) Table 3 ). Those classified as being at high risk for frailty more often reported having fallen in the past year (42.2% vs 17.5%), having vision problems (78.8% vs 60%), Tables 3 and 4) . More individuals at low risk for frailty reported having orthopedic problems with the feet (51.4% vs. 0%), the knees (50% vs 27%), the back (51.4% v. 40.6%), and the shoulders (42% vs 22.6%). More low-risk than high-risk individuals also reported having had a diagnosis of cancer at some time in their lives (36.6% vs 24.2%), but individuals at low risk were 7.4 times more likely than those at high risk to have visited a doctor fewer than three times during the past year (p = .0003; see Table 4 ).
PHYSICAL ACTIVITY HABITS
In general, individuals classified as being at high risk for frailty reported being less physically active than those classified as being at low risk. When individuals in both groups compared their current level of physical activity with that of others of the same age and gender, those in the high-risk group were 2.5 times more likely than those in the low-risk group to report being less physically active (p = .05). Similarly, when current levels of physical activity were compared with those of a year ago, individuals in the high-risk group were 3.1 times more likely to report being less or much less active (p = .02). In contrast, those classified as being at low risk for frailty were 3.1 times more likely to engage in moderate or heavy physical activity for 5 or more hr/week (p = .015). They were also 3.7 times more likely to report having "worked up a sweat" during activity four or more times during the past week (p = .007; see Tables 4 and 5 ). When levels of physical activity were looked at across the life span, there was some evidence that individuals at high risk for frailty tended to become less physically active with increasing age. Although there were no significant differences between the two groups, there was a trend for individuals classified as being at low risk for frailty to report having been moderately or very active in each decade after their 50s (odds ratio = 4.8, p = .06; see Table 4 ). When asked to compare with others the same age and sex.
PERFORMANCE-BASED FUNCTIONAL ABILITIES
Results of the logistic-regression analysis indicated that there were significant differences between the two groups in each of the following: balance, mobility, range of motion, upper extremity control, and activities of daily living. Individuals classified as being at high risk for frailty were 4.4 times more likely to score below the mean on tandem balance (p = .0015) and 3.3 times more likely to score below the mean on the tandem walk (p = .0145). With regard to mobility, they were 7.7 times more likely to score below the mean on the timed upand-go (p = .0001) and 8.2 times more likely to score below the mean on both the angular and the obstacle mobility path (p = .0001 for both). With regard to range of joint motion, they were 3.8 times more likely to score below the mean on the backscratch test (p = .0039) and 6.2 times more likely to score below the mean on the sit-and-reach (p = .0002). When upper extremity function was examined, those classified as being at high risk for frailty were 4.3 times more likely to score below the mean on unimanual dexterity (p = .0045) and 2.9 times more likely to score below the mean on the activities of daily living task (p = .0274; see Table 6 ). 
Discussion
Data from the current study suggest that a wide range of health, physical activity, and functional-abilities factors might be associated with increased risk for frailty. Participants in our study who were categorized as being at high risk for frailty were characterized by poor health status, low levels of physical activity, and belowaverage functional abilities. This supports the position of many that frailty is a multidimensional and extremely complex phenomenon, brought about by a group of problems and losses that make individuals vulnerable to further decline (Buchner & Wagner, 1992; Campbell & Buchner, 1997; Strawbridge et al., 1998) .
HEALTH STATUS
Differences in health status that distinguished high-from low-risk individuals included number of doctor visits, having experienced a cardiac event, and number of medications taken. More specifically, those who were classified as being at low risk for frailty were less likely to visit the doctor (fewer than three times per year) than were high-risk individuals. This is consistent with findings that those who age successfully report seeing a doctor less than once a month (Strawbridge, Cohen, Shema, & Kaplan, 1996) . Individuals in the present study who were at high risk for frailty were also more likely to have suffered a cardiac event than those at low risk. Seeman et al. (1994) found that higher scores on measures of physical performance were associated with better self-rated health and fewer chronic conditions related to cardiovascular status. Although other studies have reported an association between number of hospitalizations and declines in functional performance, we did not find a significant relationship between number of hospitalizations and increased risk of frailty (Carlson et al., 1998; Seeman et al., 1994) . Our finding that individuals at high risk for frailty were more likely to report taking more than four prescription medications per day is in agreement with data that indicate that the number of medications taken by an individual is associated with increased risk of falling (Bath & Morgan, 1999) . Although there are few or no data that clearly link number of medications taken by community-dwelling older adults with increased risk of becoming frail, this would suggest that increased risk for falls could be associated with frailty.
PHYSICAL ACTIVITY HABITS
Being physically active was clearly associated with low risk of frailty. A number of studies have provided evidence that physical inactivity is associated with increased risk of disability, loss of functional ability, and frailty (Bath & Morgan, 1999; Branch, 1985; Kaplan et al., 1993; LaCroix et al.,1993; Rikli & Jones, 1997; Strawbridge et al., 1998) . Similarly, successful aging has been linked to regular participation in exercise and physical activity (Lamberts, van den Beld, & van der Lely, 1997; Strawbridge et al., 1996) . Even more important, increased levels of physical activity have been shown to be associated with delay or prevention of frailty (Buchner & Wagner, 1992; Lamberts et al.) .
Performance-based functional abilities that discriminated between individuals at high and low risk for frailty included a wide variety of capacities (e.g., balance, mobility, range of motion, unimanual dexterity). High-risk individuals were more likely to have difficulty on measures of balance and mobility. Both frailty and disability have been characterized by a number of investigators as being linked to impairments in balance (Dayhoff, Suhrheinrich, Wigglesworth, Topp, & Moore, 1998; Lamberts et al., 1997) . Loss of balance in the frail elderly has also been linked to low levels of physical activity and increased risk for falls; falls clearly are the greatest cause of injury-related morbidity and mortality in community-dwelling elderly (Bath & Morgan, 1999) . Age-related disability has also been related to impaired mobility. Again, participation in regular physical activity has been linked to maintaining mobility with age (Carter et al., 1993; LaCroix et al., 1993; Lamberts et al.) . It is possible that differences in balance and mobility between high-and lowrisk individuals in this study were related to differences in physical activity levels. One might speculate that low-risk individuals maintained balance and mobility, in part, by maintaining regular patterns of physical activity.
It should be noted that although high-risk individuals in our study tended to perform below the mean on measures of balance, they were not more likely than those at low risk to score below the mean on measures of strength. This finding is supported by data from Dayhoff et al. (1998) , who found that measures of balance and strength were unrelated in community-dwelling elderly. These authors concluded, as do we, that elderly individuals can remain independent and living in the community in part because they maintain muscle strength above a certain base threshold (Dayhoff et al.) . Rantanen et al. (2001) report that although poor lower extremity strength and poor balance together increase the relative risk of older individuals for severe walking disability, those with poor balance and good strength (or vice versa) are at less risk for developing a similar disability. This suggests that a deficit in one physiologic system (e.g., balance) might not be affected by deficits in another (e.g., strength).
High-risk individuals were also more likely to perform poorly on measures of flexibility. Range of motion and its association with risk of frailty in the elderly has not been documented in the literature. Bassey (1998) , however, examined range of motion and its relationship to physical activity and health in old age. Data from this study on maximal range of movement (ROM) of the shoulder joint indicated that there were negligible changes in shoulder-joint ROM with deteriorating health (Bassey) . In contrast, there is some evidence of a relationship between maintenance of range of motion and participation in physical activity (American College of Sports Medicine, 1998). Individuals in our study categorized as being at high risk for frailty participated in less physical activity than did low-risk individuals. This might be one link to differences in flexibility found in the two groups.
With regard to upper extremity control, those at high risk for frailty were more likely to perform poorly on a unimanual hand-finger dexterity task. The inability to use one's hands efficiently has been shown to be a marker of dependency in older adults (Williams, 1987; Williams, Hadler, & Earp, 1982) . This correlates well with evidence that decreased unimanual dexterity is associated with high risk for frailty (Falconer et al., 1991) . Nonetheless, physical-functional capacity in older adults is clearly multidimensional in nature, and although it might include decreased unimanual dexterity, hand function in and of itself is not sufficient to predict or describe frailty (Greene, Williams, & Macera, 1993) .
PHYSICAL ACTIVITY AS AN INTERMEDIARY FOR OFF-SETTING FRAILTY
A common component associated with many of the functional differences observed between individuals at high and low risk for frailty in this study was level of participation in physical activity. Although our data do not provide direct evidence of this, it is possible that physical activity is the important intermediary factor in differentiating between those at high and low risk for frailty. If increased levels of physical activity lead to better health, fitness, and functional ability, as evidence suggests they do, level of and participation in physical activity might be important predictors of ensuing frailty, as well as effective preventive measures for reducing functional declines that lead to frailty.
Increased physical activity might also be linked to a reduction in the healthcare costs associated with reduced overall lifetime morbidity. If we use falls and their consequences as an example, the significance of physical activity in maintaining the functional health status of the elderly is evident. For example, falls are a leading cause of morbidity and mortality in those over 65 years of age (Kronhead, Moller, Olsson, & Moller, 2001; Rose, Jones, Dickin, Lemon, & Bories, 1999) , and the percentage of elderly who fall increases rapidly after age 75 (Chapuy & Meunier, 1998; Tinetti, Speechley, & Ginter, 1988) . Consider also that falls are a significant risk factor for admission to nursing homes (Tinetti & Williams, 1997) , that some 90% of hip fractures in older adults occur as a result of a fall (Chapuy & Meunier) , and that fall risk is related to the presence of various pathologic diseases such as cardiovascular disease and osteoporosis. These inevitably lead to increased health-care costs because of the need for hospitalization, nursing-home care, and other health-care services. Health-care costs have also been shown by Rizzo et al. (1998) to increase monotonically with the frequency and severity of falls. Data reported by these authors indicate that experiencing one or more injurious falls was associated with increased annual hospital costs of $11,042, nursing-home costs of $5,325, and total health-care costs of $19,440.
Because participation in physical activity has been shown to decrease or retard the decline in functional abilities related to increased risk of falling (Gunter, White, Hayes, & Snow, 2000) , it must be considered an important factor in reducing health-care costs via preventing functional morbidity. Similarly, participating in physical activity might also lead to decreases in the decline of functional abilities related to increased risk for frailty and thereby might reduce the health-care costs associated with morbidity and frailty.
Whether there is a direct link between the lack of participation in physical activity and an increased risk for frailty has yet to be determined. Results from this study clearly indicate that physical activity is an important discriminator between community-dwelling individuals classified as being at high and low risk for frailty. The importance of the potential "causal" relationship between increased participation in physical activity and the prevention or delay of frailty is that it provides a clear direction for health-care professionals in terms of preventing functional decline in the elderly. Clearly, additional research is needed to further define risk factors associated with frailty and to examine associations between levels of participation in physical activity and the prevention or delay of frailty.
